Urbanization is a fast and dramatic transformation of habitat that generally forces native 24 fauna into novel ecological challenges. The biological prerequisites necessary to establish in 25 urban areas have been widely studied, but the macroevolutionary characteristics of traits that 26 allow urban colonization remain poorly understood. Urban colonization might be facilitated 27 by traits that are evolutionarily conserved and which lead to a diversity of closely related 28 species. Alternatively, urban colonization might be associated with labile traits that 29 frequently arise and are lost. In a large data set from passerine birds, we find that urban 30 colonization has a signal of highly labile traits, despite many traits associated with 31 colonization being highly conserved. Urban colonization is associated with traits that allow 32 faster speciation than non-urban-colonizing counterparts, and more frequently transition to 33 non-urban trait states than in the opposite direction. The macroevolution of traits that facilitate urban colonization is driven primarily by 54 three processes: speciation, extinction, and the transition among species that do not have such 55 traits and those that do. In consequence, the distribution of urban colonizing species in a 56 phylogeny will depend on the rate of each of these processes. One possible scenario is that 57 the transition between traits that do not allow urban colonization and those that do is 58 infrequent in either direction. In such cases, the traits that allow colonization might only 59 occur among closely related species and will be clustered across the phylogeny. Any 60 differences in the current diversity of the urban colonizers versus non-colonizers is then 61 driven by differences in rates of speciation and extinction, and not by the rate of appearance 62 and disappearance of traits. In birds, however, urban colonizers come from a broad range of 63 taxa, suggesting that the rate of transition between traits is actually high [3,11]. 64
Introduction
[3], and should appear as a highly dispersed or "tippy" pattern of urban colonizers in their 85 phylogeny [16] . 86 Apart from the main three scenarios explained so far, there are other combinations of 87 rates of speciation, extinction, and transition that might govern the macroevolution of current 88 urban-colonizers and non-colonizers. Therefore, to test the pattern associated with urban 89 colonization and whether it is driven by traits that are evolutionarily successful or 90 detrimental, and either conserved or labile, we analyzed published data from passerine birds. 91 We first tested whether urban colonization and three traits previously associated with urban 92 colonization (brain size, body mass, and plumage dichromatism) are phylogenetically 93 dispersed within the passerines. To explore whether similar patterns are seen only for the set of species for which there are 112 data on presence/absence in urban areas, we ran these analyses on the reduced data set for 113 which all variables were available (brain size, n = 251; body mass, n = 506; plumage 114 dichromatism, n = 506 We performed these analyses assuming that we have an incomplete sample from the 135 passerines (506 / 5966 = 0.085).
136
We examined whether the data contained a signal of significant differences in rates of 137 speciation, extinction, or transition between colonizing and non-colonizing species by testing 138 models of binary state-speciation and extinction (BiSSE; [27, 28] ). The diversification rates in 139 passerine birds are likely to be affected by many factors that are not considered in this study 140 (e.g., [29] ). Therefore, we restricted our analyses to testing whether the distinction between 141 colonizers and non-colonizers is superior to more simple models where the distinction is not 142 present. If the primary drivers of diversification rates in passerines are entirely unrelated with 143 the traits associated with urban colonization, the distinction between colonizers and non-144 colonizers will not be meaningful and lead to similar fit in models of diversification. 145
We tested whether a model in which colonizing and non-colonizing species have 146 different rates of speciation, extinction, and transition (hereafter "full model"), was superior 147 to four alternative models in which colonizing and non-colonizing species have (i) identical 148 speciation rates, (ii) identical extinction rates, (iii) identical transition rates, or (iv) equivalent 149 values for each of these traits across the two groups. The models were corrected for 150 incomplete taxon sampling and likelihood ratio tests were performed comparing the full 151 model and each of these alternative hypotheses. Results were corrected for multiple tests 152 using false discovery rates. 153 154
Results 155 156
We found that in passerine birds there is significant phylogenetic signal in plumage 157 dichromatism (λ = 0.78, p < 0.001), brain size (λ = 0.88, p < 0.001), and body mass (λ = 0.88, 158 p < 0.001). Meanwhile, colonization of urban areas is significantly more phylogenetically 159 dispersed than a pattern emerging from Brownian motion. However, it is also significantly 160 more clustered than a random assortment of species across the phylogeny of passerine birds 161 (D = 0.695, p < 0.001; Fig. 1 ). Nonetheless, we find that evolutionary factors associated with 162 urban colonization lead to a greater number of evolutionary origins, and a smaller number of 163 also-colonizing sister taxa than expected under a Brownian motion evolutionary process 164 (NoTO = 3.35, p < 0.001; SSCD = 193.21, p < 0.001). 165
Tests of BiSSE models showed that the full model, which makes a distinction 166 between urban colonising species and non-colonizers, provided a significantly better fit than 167 models that did not make a distinction between the two groups in terms of their speciation 168 rates (p = <0.001), rates of transition (p = 0.003), or in all of speciation, extinction, and 169 transition rates (p < 0.001; Fig. 1 interest (e.g., [10, 22] ). Our data show that rates of transition and speciation might be uneven 199 while extinction rates are similar. This suggests that many of the traits that are associated 200 with urban colonization of species of passerine birds are evolutionarily conserved. However, 201 urban colonizers are not significantly grouped phylogenetically in passerine birds, suggesting 202 that urban colonization is not driven by purely conserved or labile traits. Some of the traits 203 that allow urban colonization are likely to be labile and have frequently been lost in the 204 evolution of passerines. Interestingly, the complete collection of traits has provided a 205 comparatively successful strategy over the traits that occur in non-urban species. Therefore, 206 our data suggest that urban areas are not a sink of biodiversity that accelerates the demise of 207 species with already unfortunate macroevolutionary trajectories. 
